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Statistics  demonstrate  that of  all the  acute  infectious  diseases  in
the  United  States,  lobar  pneumonia  is  responsible  for  the  greatest
number of deaths.  The incidence  of this  disease in  the larger  cities
during  the winter months  is extraordinarily  high,  and  health reports
indicate  that during the past three  decades  there has been  but little
evidence  of  a  tendency  to a  spontaneous  decrease  in its  morbidity.
Scientific  investigation of  pneumonia  has dealt largely  with methods
of therapy, and but little or no effort has been expended in the elabo-
ration  of  means  of  prevention.  In  recent  years  the  study  of  the
bacteriology  of  lobar  pneumonia  has  developed  new  facts,  which
make  it advisable  to  study  the  epidemiology  of  the disease,  in  the
hope that such  an investigation may bring to light important  factors
concerned  in its transmission  from  one individual  to another.
Dochez  and Avery'  have reported  observations  which suggest that
in  a  majority  of instances  of  lobar pneumonia,  the infection  is  ac-
quired  by transmission  of the infectious  agent from  a recovered  case
which  still  harbors in  the mouth secretions  the organism responsible
for the disease, or from a healthy carrier  of pathogenic  pneumococci.
The  validity of this  assumption depends  upon the following  factors.
Lobar  pneumonia  in  65  per  cent  of cases  is due  to  specific  types  of
pneumococci  possessed  of  high  pathogenicity,  which  do  not  occur
in  the  buccal  secretions  of normal  individuals,  except  in  instances
where  there  has  been  intimate  association  with  persons  suffering
from the disease.  Although  pneumococci  are present in the mouths
of  60 per cent of normal individuals, the organisms present are readily
1Dochez,  A. R.,  and Avery,  O. T.,  J.  Exp. Med.,  1915,  xxii,  105.
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distinguishable  from  the  highly  parasitic  types  of  pneumococcus
which  cause  the  severe  forms  of  lobar  pneumonia.  The organisms
found  in  normal  mouths,  moreover,  occasion  but  a  relatively  small
percentage  of the total  cases  of  this disease.
In  the  present paper  are  reported  the  facts  obtained  during  an
investigation,  which  included,  first,  a study  of  the varieties  of pneu-
mococci  concerned  in  the  production  of  cases  of  lobar  pneumonia
admitted to the Hospital of The Rockefeller  Institute during the past
4 years; second,  a study of the varieties of pneumococci  in the mouths
of normal  individuals;  third,  the frequency  of  occurrence  of  disease-
producing types of pneumococci  in the mouths  of normal individuals;
fourth,  the  frequency  of  the  occurrence  of  disease-producing  types
of  pneumococci  in  the  mouth  secretions  of  healthy  persons  asso-
ciated with cases of lobar pneumonia;  and fifth, a study  to determine
the period  of time  during  which  convalescents  harbor  in the mouth
the types  of pneumococci  responsible  for the disease.
Varieties of Pneumococci Concerned in  the Production of Lobar
Pneumonia.
During  the past  4  years  a  careful  study  has  been  carried  on  of
the  types  of  pneumococci  isolated  from  cases  of  lobar  pneumonia
admitted  to  the wards of the  Hospital of  The  Rockefeller  Institute.
These organisms have  been isolated from the sputum,  blood,  or lung
directly,  and in many instances  from more than one of these sources,
and  classified  according  to the biologic  groups  previously  described.2
The  results  of  this  study  are  shown in  the  following  table.
TABLE  I.
Types of Pneumococci Causing Lobar Pneumonia.
Types.  1912-13  1913-14  1914-15  1915-16  Total.  Per cent.
I  29  22  21  33  105  33.54
II  8  28  35  28  99  31.62
III  7  6  9  13  35  11.18
IV  16  13  17  28  74  23.64
2 Dochez, A.  R., and Gillespie, L. J., J. Am. Med. Assn., 1913, lxi, 727.  Dochez
and Avery, J.  Exp. Med.,  1915, xxi,  114.
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During  the  year  1915-16  the  incidence  of  Types  II a,  II b,  II x,
subvarieties  of  Group  II described by Avery,3 has also been studied.
In 102  cases of lobar pneumonia  Type II a  occurred  five  times, Type
II b  not at all, and Type  II x once.
Examination  of  Table  I  reveals  the  constancy  with  which  the
various types  of pneumococci occur  from year to year.  In the years
1912-13  and  1915-16  Type  I  was  the  dominant  one.  In  1913-14
and  1914-15  the percentage  incidence  of Type II  increased,  making
this  group  the  dominant  type  during  these  years.  The percentage
incidence  of cases due to Types III and IV has  remained  fairly  con-
stant  from  year  to  year.  Inasmuch  as  it  has  been  previously
demonstrated  that  organisms  of  the  various  types  differ  in their
virulence  for  human  beings,  changes  in  mortality  from  year  to
year may be dependent upon the dominance of a given  type.  Of the
313  cases  of lobar  pneumonia  presented  in  Table I,  204,  or  65  per
cent, were caused by pneumococci belonging  to Types I and II.  Since
these  types  are  not found  in the  normal  mouth  except  in  the  case
of carriers,  they are  regarded  as strictly disease-producing organisms,
and infection  with  organisms  of  either  type  probably  occurs only as
a result of direct or indirect contact with a case of pneumonia infected
with  an  organism  of  one  of  these  types.  Recent  studies  show  that
pneumococci  of  Type  III  are  fairly  common  in  the  mouth  flora  of
healthy  individuals  and  infections  with  organisms  of  this  type  may
be  autogenic in  nature.  The atypical  organisms  belonging  to Type
II  which  induce  lobar  pneumonia  are  indistinguishable  from  the
similar organisms  which may be the dominant type of pneumococcus
found  in the normal mouth,  and  infection  with these organisms may
also  be  autogenic.
Varieties of Pneumococcus in the  Normal Mouth.
The  pneumococcus  occurs in  the mouth  secretions  of normal indi-
viduals  in  a  large  percentage  of  cases.  In  some  individuals  the
organism  may be present  constantly in  the mouth  secretions,  while
in  others it may be present  at  one time  and  absent at another.  In
3 Avery,  O. T., J.  Exp. Med.,  1915,  xxii, 804.
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Table II  is  presented  a  study  of  types  of  pneumococcus  recovered
from  the saliva  of  398  healthy persons.
TABLE  II.
Types of Pneumococcus Isolated  from the Sputum of Normal Individuals.
Pneumococcus.  Incidence.  Per cent.
Type I  4  2.16
"  II  4  2.16
"  IIa  0
"  II b  11  5.84
"  IIx  15  7.79
III  44  23.40
"  IV  110  58.51
Pneumococcus  present.  172
"  absent.  226
398
Among  398  normal  individuals  examined  pneumococcus  was  ob-
tained in  172  instances.  In  226  individuals  no pneumococcus  could
be  demonstrated  in  the  mouth  at  the  time  of  examination.  In
four  instances  the pneumococcus  isolated  was  Type  I.  In  three  of
these individuals  a history  of  close  association  with a  case  of lobar
pneumonia  was  obtained,  whereas  in  one  no  such  association
could  be traced.  From  four individuals,  organisms  of  Type II  were
obtained.  Three of  these individuals  gave a history of intimate con-
tact  with  cases  of  lobar  pneumonia  of  the  same  type,  and  in  one
no  such  association  could  be  established.  Atypical  Type  II organ-
isms  were  isolated  twenty-six  times.  Pneumococci  of  Type  II  b
were found  eleven  times and of  Type II x fifteen  times.  In view  of
the  relative frequency  with  which  these atypical  Type II organisms
can  be  obtained  from  the  sputum  of  normal  persons  who  give  no
history of association with individuals suffering from lobar pneumonia
due to similar  types,  these organisms,  like those  of  Group  IV,  must
be  considered  as  readily  adapting  themselves  to  existence  in  the
normal  mouth  secretions.
Of  the  398  normal  individuals  examined,  in  no  instance  was  a
pneumococcus  of  Subgroup  II a  isolated,  while  this  organism  was
found in  five cases of pneumonia.
654ERNEST  G.  STILLMAN
At the time of publication  of previous papers  dealing with the  epi-
demiology  of  lobar  pneumonia,  biologic  studies  dealing  with  the
organism  of Type III had  not been carried  sufficiently  far  to deter-
mine  whether  organisms  of this  type  isolated  from  normal  mouths
differed  in  their  immunological  reactions  from  those  of  the  same
type obtained  from  cases  of lobar pneumonia.  In the present  study
of  398  normal  individuals,  the pneumococcus  of Type III (Pneumo-
coccus mucosus) was present in the sputum in 44 instances.  Through
the courtesy of the New York State Board of Health we have recently
obtained  an  immune  serum  which  both  agglutinates  and  protects
animals  against  Pneumococcus mucosus.  With  this  serum  a  study
of the immunological properties of  all the cases of  this type of organ-
ism which have been isolated from normal mouths, as well as of those
which  have  been  isolated  from  cases  of  pneumonia,  has  been made
and no biologic differences have been detected.  A serum prepared by
the immunization  of  a horse  to  Pneumococcus mucosus isolated from
a  case of lobar pneumonia  agglutinates  and protects animals against
infection  from  all  strains  of  this  type  isolated  from  patients  with
pneumonia  as well  as almost all those isolated  from  normal persons.
Curiously enough,  therefore,  this organism,  which  is to be considered
as  one  of  the  fixed  biologic  types  and  which  possesses  for  human
beings  the greatest  virulence  of  all pneumococci,  seems  to  be  able
to accommodate itself to saprophytic existence  in  the  normal  mouth
for  long periods  of  time  without producing disease.  Although  viru-
lent organisms  of  this type occur in normal sputum  with considerable
frequency,  they  are  responsible  for  a  relatively  small  number  of
cases of lobar pneumonia.  Table III shows  how long certain  normal
individuals may  harbor Pneumococcus mucosus in their  mouths with-
out suffering from  any recognizable  infection.
Table  III  shows  that  Pneumococcus mucosus  may  persist  in  the
mouth  secretions  of  normal  individuals  over  long  periods  of  time.
The  longest  interval noted  in the present  study was  over 3 months,
and  evidence  indicates  that in  some  instances  this organism  may  be
harbored  in the sputum for a year  or more with impunity.
Previous  studies  indicate  that  the  commonest  type  of pneumo-
coccus  found in  the normal mouth  is Type  IV, and  in this study of
398  healthy persons  organisms  of  this  type were  found  110  times.
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TABLE  III.
Persistence of Pneumococcus mucosus (Type  III) in Normal Mouths.
Interval.
1st examination.
4 days.
8
22  "
28  "
35  '
42
49  "
56  "
66  "
71  "
78  "
98  "
Ist examination.
7 days.
14  "
21  "
49
56  "
1st examination.
7 days.
14  "
21  "
49  c
77  "
91  "
1st examination.
15  days.
22
29
36  "
Type of pneumococcus.
III
III
III
III
III
III
III
III
No pneumococcus.
III
No pneumococcus.
III
III
III
No pneumococcus.
III
III
III
No pneumococcus.
III
III
III
III
III
III
III
III
III
III
No pneumococcus.
III
The  technique  of  isolating  the  pneumococcus  from  the  mouth
secretions  of  healthy'individuals  has been  that  commonlyemployed
as  a  routine  procedure  in  the  isolation  of  pneumococci  from  the
sputum  of  pneumonia. patients.
The  saliva  of  the  individuals  studied  was  injected  into  the  peri-
toneal cavity  of white mice,  and the pneumococcus  was recovered  at
autopsy  from  the peritoneal  exudate  or heart's  blood.  In  order  to
determine  whether  the pneumococcus  could  be  cultivated  as readily
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2
3
4
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from  the  direct  sputum  culture  on  blood  agar,  and  whether  the
pneumococcus  thus recovered  differed  from  the organism  isolated  by
animal  passage,  film preparations  of  116  specimens  of  sputum  were
made  on  the  surface  of  blood  agar plates,  as  well  as injected  intra-
peritoneally  into  mice.  In  58  specimens  pneumococci  were  neither
obtained from  the mouse nor from the direct culture.  In 47 instances
pneumococci  were  recovered  by  mouse  passage,  whereas  none  was
obtained  by direct  culture.  In only  11  instances  were pneumococci
isolated  both by animal  inoculation  and  direct  sputum  culture,  and
in  each  of  these  cases  the  type  obtained  by mouse  passage  corre-
sponded with that obtained by direct culture.
Incidence of Carrier Condition in Healthy Individuals in  Contact with
Patients Suffering from Lobar Pneumonia.
Dochez and Avery4 have  shown  that a  considerable  percentage  of
individuals  coming  intimately  in contact  with  active  cases  of  lobar
pneumonia  due  to infection with pneumococci  of  Type I or Type  II,
carry in their  mouth  secretions  organisms  of  the same  type  as  that
causing  the  infection.  Table  IV  presents  a  study  of  the  types  of
pneumococci  found  in  the  mouth  secretions  of  persons  in  intimate
association  with  certain  of  the  cases  of  lobar  pneumonia  admitted
to  the Hospital  of  The  Rockefeller  Institute during  the  years 1915-
16.  These include  all  the  cases  in  which  contacts  were  examined
from  this  point  of  view.
Table  IV  shows  the  incidence  and  type  of  pneumococci  found
among  the  associates  of  the  cases  of  lobar  pneumonia.  In  24 of
these  cases  infection  was  due  to  pneumococci  of  Type  I,  and in  17
to  pneumococci  of  Type  II.  In  the  normal  mouth  secretions  of  44
contact  cases  infected  with  Type  I  pneumococci,  pneumococci  of  a
similar  type  were found in two  instances,  8.33 per cent  of such cases
showing  at least  one contact  among  the associates.  In all,  44 indi-
viduals in contact with pneumonia cases infected with Type I pneumo-
cocci were studied,  and  4.5 per  cent  of  these  persons  were  found to
harbor  in  their  saliva  pneumococci  of  a  similar  type.  Among  the
associates  of  the  17  cases  infected  with Type II pneumococci,  three
'Dochez  and Avery,  J.  Exp. Med.,  1915,  xxi,  114.
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TABLE  IV.
Incidence of Carrier Condition in Healthy Individuals in Contact with Lobar
Pneumonia.
Relationship of associates.
Sister.
Wife.
Sister.
Brother.
Sister.
it
Brother.
Sister.
Wife.
Brother.
Wife.
Sister.
Husband.
Mother.
i4
Father.
'C
Wife.
Mother.
Sister.
Wife.
Day of disease.
2
2
3
29
5
5
5
6
26
22
6
13
4
3
3
28
4
4
2
5
8
14
7
9
11
8
9
5
6
13
18
4
18
5
10
4
9
16
9
16
8
Type found in associates.
II and IV
II b
No pneumococcus.
IV
III
No pneumococcus.
II b
IV
IV
III
III
II x  and IV
II
IV
III
No pneumococcus.
CC  it
IV
IV
No pneumococcus.
II
No pneumococcus.
IV
No pneumococcus.
IV
IV
IV
No pneumococcus.
IIx
No pneumococcus.
¢4  it
II  b
No pneumococcus.
CC  4C
Case No.
2,443
2,448
2,456
2,460
2,477
2,493
2,497
2,519
2,521
2,524
2,527
2,537
2,551
2,553
2,556
Type of
infecting
pneumococcus.
II
II
I
I
II
II
I
II
II
II
I
II
I
I
I
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TABLE  IV-Continued.
Relationship  of associates.
Mother.
Sister.
Wife.
st
Mother.
Brother.
Sister.
Daughter.
Son.
Brother.
Father.
Mother.
Wife.
Sister.
Wife.
Sister.
Mother.
Father.
Brother.
Sister.
Husband.
Wife.
Sister.
Wife.
C
Sister.
Brother.
Day of disease.
4
9
8
13
21
11
3
3
16
9
10
2
20
21
3
17
24
24
10
16
3
3
15
8
8
15
22
6
12
19
6
6
9
17
23
25
31
33
34
38
39
11
18
Type found in  associates.
No pneumococcus.
CC  C
IV
IV
IV
No pneumococcus.
IV
IV
I
IV
IV
IV
No pneumococcus.
IV
No pneumococcus.
III and IV
No pneumococcus.
IV
IV
IV
No pneumococcus.
IV
III
IV
IV
No pneumococcus.
II x
IV
IV
No pneumococcus.
II
II
II
II
II
II
II
II and III
II
II
No pneumococcus.
"t  It
Case No.
2,557
2,558
2,560
2,571
2,572
2,573
2,576
2,581
2,586
2,587
2,589
2,595
2,597
Type of
infecting
pneumococcus.
I
I
I
I
II
II
I
II
II
I
I
I
I
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TABLE  IV-Continued.
Relationship  of associates.
Cousin.
Mother.
Sister.
Brother.
Wife.
it
it
Brother-in-law.
Sister.
Wife.
Daughter.
Niece.
Sister.
Brother.
lC
Wife.
it
is
Daughter.
Husband.
Daughter.
Wife.
Nephew.
Niece.
Friend.
Sister.
Father. Father.
Day of disease.
6
5
11
18
11
5
16
24
52
65
52
59
1
22
2
16
36
1
22
2
13
7
13
2
21
27
12
14
85
5
9
17
23
30
38
23
23
23
15
10
26
Type found  in associates.
No pneumococcus.
IV
IV
III
II  x
III
III
III
No pneumococcus.
IV
No pneumococcus.
III and IV
II x
II x
II  b and III
III
III and IV
IV
No pneumococcus.
IV
No pneumococcus.
IV
No pneumococcus.
III
No pneumococcus.
"t  it
cc  it
II b
II  )
II b
IV
II b
III
No pneumococcus.
IV
No pneumococcus.
IIb
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2,602
2,604
2,608
2,611
2,615
2,622
2,623
2,625
2,626
Type of
infecting
pneumococcus.
I
II a
I
II
II
II
I
I
II
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TABLE  Iv-Concluded.
Type of
Case No.  infecting  Relationship of associates.  Day of disease.  Type found  in associates.
pneumococcus.
2,630  I  Father.  2  No pneumococcus.
Mother.9  "  "
16 
24  " 
32  t  i
2,632  I  i  25  I 
Father.  25  IV
Sister.  37  IV
2,647  I  Wife.  2  No pneumococcus.
Sister.  6  IV
20  IV
2,652  I  Mother.  10  I
Summary.
No. of  No. of cases  Total  con-  No. of posi-
Type.  pneumonia  giving rise to  Per cent.  tacts  No.  of  po  cent.
castudied  carriers.  examined.
I ..............  24  2  8.33  44  2  4.5
II  .............  17  3  17.64  40  3  7.5
Total ..........  41  5  12.19  84  5  5.95
(17.64  per cent)  were  found  to harbor in  their mouths  pneumococci
of Type II.  Altogether  40 contacts of  cases  due to Type II pneumo-
cocci  were  examined  and  from  the sputum  of  7.5  per cent  of  these,
pneumococci  of Type  II were isolated.  From  a total  of  41  cases  of
lobar pneumonia  due  to  Type  I  and  Type  II,  5  gave  rise  to  the
carrier condition in at least  one  of  their immediate  associates,  12.19
per  cent.  The  total  number of  contacts  examined  was  84,  and  of
these  5,  or  5.95  per  cent,  showed  either pneumococci  of  Type  I or
Type  II in their sputum.  In one  instance pneumococci  of Type  II
were isolated  from  the sputum of  the wife  of  a patient who  suffered
from  pneumonia  due  to  pneumococci  of  Type  I.  This  is  the only
instance  in  our  experience  in  which  a  pneumococcus  of  Type  I  or
Type  II has  been  isolated  from  the mouth  of  a  contact  where  the
type of organism found in the contact has differed  from that isolated
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from  the patient.  It  is of  interest in connection  with  this  example
that  during  convalescence  the  Type  I  pneumococcus  disappeared
from  the  sputum  of  the  patient,  and  a  pneumococcus  of  Type  II
then appeared in his mouth flora.  A possible explanation  is that the
wife  was a chronic  carrier of Type II pneumococcus  and that during
convalescence,  during  which  period  the patient  was in close contact
with  his wife,  he secondarily  acquired  this  type  from  her.
In  this  table  no  study  of  the  carrier  condition  in  associates  of
patients  of  Type III is recorded.  Dochez  and Avery in  their report
assumed  the Type III pneumococcus  to be  a strictly disease-produc-
ing organism and  not an inhabitant of  the normal  mouth secretions.
Subsequent  studies  have  shown  that  pneumococci  of Type III are
found so frequently in the mouths of normal individuals who have not
associated  with cases  of  lobar pneumonia  that pneumococci  of  this
type must be  regarded as normal  inhabitants  of  the healthy mouth.
In  view  of  these  findings  it would  seem  that the occurrence  of  this
type  of  pneumococci  in  the  mouths  of  individuals  associated  with
cases  of  lobar  pneumonia  due  to  other  types  is to  be  expected  and
cannot  be  regarded  as  evidence against  the epidemiological  signifi-
cance  of  the  occurrence  of carriers  of  pneumococci  of  Types  I and
II.
In this table are shown  the results of  repeated  observations  of the
types  of  pneumococci  in  the  mouths  of  a  number  of  normal  indi-
viduals.  These observations  bring to light the facts that the sputum
type  of  pneumococcus  may  be  present  at  one  time  and  absent  at
another,  that  the  types  of  pneumococci  present  may  change  from
time to time, and also that more than one variety of sputum pneumo-
coccus  may  be  present  at  the same  time.
Persistence during Convalescence of the Type of Pneumococcus Causing
the Disease.
Previous  study has  demonstrated  the fact  that during  the period
of recovery from lobar pneumonia  the type of pneumococcus  causing
the disease disappears from  the mouth flora and in many instances  is
subsequently  replaced  by  a pneumococcus  of  the variety  commonly
found  in normal  sputum.  These  facts are  further  corroborated  by
the  evidence  presented  in  Table  V.
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TABLE  V.
Persistence  during Convalescence of the  Type of Pneumococcus Causing the  Disease.
Type of
pneumococcus  dur-
ing height of
disease.
I
I
III
II
III
II
I
II
II
II
I
II
II
II
II a
III
Day of disease.
14
27
31
11
13
20
27
34
40
6
13
21
29
4
14
21
28
5
15
26
2
9
16
20
27
8
15
22
10
24
10
17
25
11
18
31
20
19
26
14
Type of pneumococcus  recovered.
No pneumococcus.
III
III
IIx
IV
II  x and IV
II  x and IV
II
II b
IIb
II  b and IV
III
IV
IV
IV
II
III
IV
I
II
No pneumococcus.
cc  cc
II
II  x
No pneumococcus.
I
No pneumococcus.
II
No pneumococcus.
IV
No pneumococcus.
III
21  1  IV
Case No.
2,456
2,464
2,465
2,477
2,488
2,493
2,497
2,519
2,521
2,524
2,527
2,536
2,543
2,547
2,549
2,550
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TABLE  v-Continued.
Type of
pneumococcus  dur-
ing height  of
disease.
I
I
I
I
I
I
II  a
III
I
II
II
I
Day of disease.
6
25
32
17
24
31
9
16
10
17
24
21
28
11
18
25
12
26
8
15
9
16
23
10
17
24
31
45
19
26
40
47
57
64
71
78
85
4
11
18
Type of pneumococcus  recovered.
II a
II a
No pneumococcus.
It  it
IV
No pneumococcus.
IV
No pneumococcus.
II  a
No pneumococcus.
IV
II x
No pneumococcus.
IV
No pneumococcus.
III
III
No pneumococcus.
IV
IV
IV
IV
No pneumococcus.
t4  4¢
i4  44
II and IV
IV
IV
No pneumococcus.
II
No pneumococcus.
II
No pneumococcus.
I
No pneumococcus.
Case No.
2,551
2,553
2,556
2,557
2,558
2,560
2,563
2,566
2,571
2,572
2,573
2,576
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TABLE  v-Continued.
Type of
pneumococcus  dur-
ing height of
disease.
IT
II
I
I
II
I
I
I
III
I
Day  of disease.
7
14
21
28
16
23
32
39
53
60
72
79
86
100
17
24
31
38
45
8
15
11
18
25
3
17
24
38
23
37
4
11
19
7
14
21
28
35
6
13
20
Type  of pneumococcus  recovered.
II
No pneumococcus.
II
II
II x
IV
II  x
II  x
No pneumococcus.
II x
IIx
II x
II x
No pneumococcus.
I
No pneumococcus.
I
I
I
I
No pneumococcus.
II
II
II
I
II  x and  IV
II  x
II x
I and IV
II  x
I
I
I
III
III
III
III
III
No pneumococcus.
I
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Case No.
2,615
2,622
2,623
2,625
2,626
2,630
2,632
2,633
2,689
2,647
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TABLE  v-Continued.
Type of pneumococcus  recovered.
No pneumococcus.
II II
No pneumococcus.
II No pneumococcus.
III
III
No pneumococcus.
it  it
IV
No pneumococcus.
I
No pneumococcus.
I I
No pneumococcus.
IV
III
No pneumococcus.
II
II
II and IV
II  x, III, and IV
IV
IV
IV
IV
IV
IV
No pneumococcus.
I
Case No.
2,640
2,581
2,582
2,586
2,587
2,589
2,593
2,595
2,597
2,602
2,604
2,608
Type of
pneumococcus  dur-
ing height of
disease.
III
II
III
II
I
I
III
I
I
I
II  a
I
Day of disease.
7
14
21
24
28
4
11
18
25
32
47
5
12
26
8
22
7
14
21
28
35
42
6
12
19
26
3
16
23
30
11
18
25
12
18
25
12
19
14
21
28
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TABLE  v-Concluded.
Type of
Case No.  pneumococcus  dur-  Day of disease.  Type  of pneumococcus  recovered. ing height of
disease.
2,608  I  42  No pneumococcus.
49  "  i
56  "  It
63  II x
77  No pneumococcus.
84  "  .
2,611  II  2  II
9  IV
16  IV
23  IV
30  No pneumococcus.
37  IV
2,652  I  13  I
20  I
27  I
53  No pneumococcus.
60  .
67  " 
74  III
81  No pneumococcus.
88  "  "
95  "  "
Table V records  the results  of a study of the length of time during
which the type  of pneumococcus  responsible  for the disease could  be
isolated from the sputum of 53 cases of lobar pneumonia due to Types
I, II, and III.  The carrier condition in the convalescent  as measured
from  the  onset of  the disease  is,  on  the whole,  relatively  brief.
The shortest  period of  carrying  was  7 days,  the  longest  85 days.
The  long  persistence  of  the  disease  strain  may  be  associated  with
delayed resolution of the lung lesion or the occurrence of some compli-
cation.  It  is further evident from this study that the type organism
may  disappear  or  fail  to  be  isolated  from  the  mouth  secretions  of
the recovered  case at a given examination,  and  then  be found again
at a  subsequent  period.  In  only  one  instance during convalescence
has  a  Type  II  pneumococcus  been  recovered  from  a  patient  con-
valescent  from a Type I pneumonia.  In this case  the patient's  wife
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was  a  chronic  carrier  of  the pneumococcus  of  Type  II.  A  Type  I
pneumococcus  has never  been recovered  from  a patient  convalescent
from  a Type  II  pneumonia.
DISCUSSION.
The  results  of  the  work  detailed in  the present  report  in  general
confirm  the previous  observations  of Dochez  and Avery  on the rela-
tionship of the varieties  of pneumococcus  to lobar pneumonia and the
occurrence  of  carriers  of  disease-producing  types  of  pneumococci.
Combination  of  the  results  of  study  over  a  period  of  years  of  the
types  of  pneumococci  inducing  lobar  pneumonia  shows  that  the
majority  of  instances  of  infection  are  due  to  organisms  belonging
to  Types  I  and  II.  A small  number  of  cases  are  due  to  infection
with  atypical  pneumococci  of Type  II,  as described  by Avery,  and
of  these  organisms  those  belonging  in  the  so  called  Subgroup  II  a
are  responsible  for  the  greatest  number  of  cases.  Pneumococci  of
Type III in spite of their high virulence for human beings are responsi-
ble  for the  smallest  percentage  of  cases  of  lobar  pneumonia.  The
incidence  of infection with pneumococci  of  Type  IV seems  to remain
fairly constant from year to year.  As the different  types of pneumo-
cocci  show  differences  in  virulence  for  human  beings,  it  is possible
that variations in the mortality rate from year to year may be directly
related  to  the seasonal  dominance  of  different  types.
Comparison  of the  pneumococci  obtained  from  the  mouth  secre-
tions  of normal individuals with those isolated from  diseased persons
shows  the  existence  of  two  general  classes  of  organisms.  One  of
these,  consisting  of  pneumococci  of  Types  I  and  II,  occurs  only  in
association  with  disease;  the  other,  including  Types  III  and  IV,
together  with  the  atypical  Type  II  organisms,  causes a minority of
the instances  of disease,  but includes  the organisms  which  are  com-
monly found in normal healthy  mouths.  In a  small  number  of  in-
stances organisms of Types I and II  have been found  in mouth  secre-
tions of normal individuals.  In all cases except two, however, in which
this has occurred, it has been possible to trace direct contact of the in-
dividual  with  a case  of lobar pneumonia  caused  by the same type of
pneumococci.  As  a  large  number  of  normal  persons  have  been
examined,  it is not surprising that in a few  individuals  in whom  no
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association  with cases  of lobar pneumonia  could be traced  organisms
of the fixed  Types I and II should  have been discovered.
Among the types of pneumococcus which seem to adapt themselves
readily  to  the  normal  mouth,  Type  III presents  a  paradox.  This
organism  has  the  biologic  characteristics  that  distinguish  Type  I
and  Type II  from  the other varieties  of  pneumococcus.  All strains
of  these organisms  with but, few  exceptions  have  common  immuno-
logical characteristics.  Although this organism is responsible for  but
a  small percentage  of  the cases  of  lobar  pneumonia,  it  produces  an
unusually  severe  type  of  the  disease.  Notwithstanding  these  facts,
this  organism  is  commonly  met  with  in  the  mouth  secretions  of
normal  individuals  where  it  may  persist  for  long  periods  of  time
without  producing  pathological  lesions.  The  strains  of  this  group
isolated  from  normal sputum possess  immunological  reactions  identi-
cal with those  of  the strain  isolated from  cases  of lobar pneumonia.
It  is of interest,  however, that in a study of the mouth flora  of cases
of  pneumonia  due  to  Pneumococcus mucosus  it has been  found  that
this  organism  tends  to  disappear  as  rapidly  from  the  mouths  of
patients  as do  the disease-producing  Types I and  II.  The study of
the varieties  of pneumococci  in the mouths of normal individuals and
convalescents  frpm  lobar pneumonia  shows  that in such  individuals
the type  of pneumococcus  present may  vary from  time  to  time, and
also that more than one type may be present at any given time.  This
suggests  the possibility that the  sputum  types of  pneumococci  may
be  passed  from  one  individual  to another,  and  that  occasionally  an
individual  may  acquire  pneumococci  of  this  class  which  possess
sufficient pathogenicity  to initiate disease.
These  facts  suggest  the  following  conclusion  concerning  the  epi-
demiology of lobar pneumonia.  Infection with pneumococci  of Type
I and Type. II must  be  regarded  as dependent  upon contact  with  a
previous  case  of lobar pneumonia  due to the same  type of organism.
These  types  of  infection  are  either  acquired  by  direct  contact  with
an active  case of pneumonia  or by association  with a healthy carrier
of  one of  these types  of pneumococcus,  or with a convalescent  from
lobar pneumonia  who  still harbors  in his mouth  secretions  the organ-
ism  responsible for  the disease.  Infection  with  the sputum  types  of
pneumococcus,  namely,  Types  III and  IV  and  the  atypical strains
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of  Type  II, may be autogenic in character,  or due to the acquisition
by  the individual  of  a  given  race  of  one  of these types  to which  he
is  especially  susceptible.
SUMMARY.
1. Pneumococci  of  Type  I  and  Type  II  are  responsible  for  the
majority  of  the  cases  of  lobar  pneumonia.
2. Among  the  pneumococci  found  in  the mouths  of  healthy  indi-
viduals, Type IV predominates, Type III is fairly frequent, and atypi-
cal  organisms  of  Type II  are  occasionally  encountered.  Organisms
of these types give  rise  to  a minority  of  cases  of  lobar  pneumonia.
3.  Healthy persons intimately associated  with  cases of  lobar  pneu-
monia may harbor in their mouth secretions the highly parasitic pneu-
mococci  of Types  I and II.
4.  Occasionally  a  carrier  of  Type  I  or  Type  II  pneumococcus is
encountered  in  whom it is impossible  to  trace  any  contact  with an
infected  patient.
5.  Convalescents  from lobar pneumonia  may  carry for a consider-
able period  of time the type of pneumococcus  with  which  they were
infected.
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